Taking the pseudobinary C15 Laves phase compound Ce(Fe 0.96 Al 0.04 ) 2 as a paradigm for studying a ferromagnetic to antiferromagnetic phase transition, we present interesting thermomagnetic history effects in magnetotransport as well as magnetisation measurements across this phase transition. A comparison is made with history effects observed across the ferromagnetic to antiferromagnetic transition in R 0.5 Sr 0.5 MnO 3 crystals.
While most recent experimental efforts are focussed on understanding the cause of this magnetic instability in CeFe 2 9,10 , we have recently addressed the question of the exact nature of this FM-AFM transition in Ru and Ir-doped CeFe 2 alloys 11 . Our results show that this is a first order transition. The nature of the FM to AFM transition in the perovskite-type manganese oxide compounds R 0.5 Sr 0.5 MnO 3 (R=Nd, Pr, Nd 0.25 Sm 0.75 ) has also been the subject of close scrutiny in recent years [12] [13] [14] , and has also been shown to be a first order transition. The existence of metastable states, which are thought to be generic to a first order phase transition, has been highlighted.
In this paper we report interesting thermomagnetic history dependence in the magnetisation and magnetoresistance in a Ce(Fe 0.96 Al 0.04 ) 2 alloy, and argue that these are broader manifestations of the behaviour reported earlier in the perovskite-type manganese compounds [12] [13] [14] . While the metastabilities can be partly explained by the phenomena of supercooling and superheating, we present clear signatures that the kinetics of this magnetic phase transition is hindered at low temperatures.
The details of the preparation and characterization of the sample can be found in Ref. 6 .
The samples from the same batch have been used earlier in bulk magnetic, transport (Ref. We now present in fig.4 , ρ vs T plots in fields of H=0, 5, 20, and 30 kOe. In each case we have cooled the sample to 5K in zero field and then applied H at this temperature.
Resistivity is then measured as the sample is warmed well into the FM state. The sample is then cooled back to 5K in the field H, allowing a measurement of thermal hysteresis. The appearance of magnetic superzones We now summarize the unusual findings of the present study.
1. The envelope ρ-H curve at 5K and 3K ( fig.2) does not return at H=0 to the virgin curve value of ρ(H=0), while the FM to AFM transition is complete when the sample is cooled to these temperatures in low field. A similar behaviour is seen from the single crystal studies on R 0.5 Sr 0.5 MnO 3 in another first order FM to AFM transition 12,14 .
The butterfly ρ-H and M-H hysteresis loops have an anomalous virgin curve at low
temperatures, in that the virgin curve lies outside the envelope hysteresis curve in both measurements.
3. In the field-cooled measurement of ρ vs T at H=20 kOe, and 30 kOe, the FM to AFM transition appears to be arrested at about 15K even while the transformation is incomplete, and remains incomplete down to 5K. These results are supported by the study of T dependence of M in both the zero-field-cooled and field-cooled mode 22 .
Similar behaviour in the the resistivity studies are seen in the single crystal studies of R 0.5 Sr 0.5 MnO 3 14 .
As a possible explanation we introduce the idea that the kinetics of the FM to AFM transition gets hindered at low T and in high H. We concentrate on the (H * cooling in constant field and lowering H at constant T, respectively. We assume that we start always with a sample that is prepared to be completely in the FM phase by warming (or increasing field) to a point well above the (H * * , T * * ) band.
Let us cool sequentially to points A, B, F, and G along path 1. At point A we observe FM and AFM coexistence (with FM being metastable) while at point B the entire sample is in the AFM phase. The (H K ,T K ) band has no observable effect as we cool to points F or G.
This corresponds to our ρ-T data at H=0 or 5 kOe. Following path 1 again, we cool in higher fields to reach, sequentially, points C, D, E, and L. At C we have two phase coexistence with FM transforming to AFM as temperature is lowered. This transformation is arrested at D, and the FM fraction is frozen-in at E and L, even though it would have kept reducing in an ergodic system. Thus we have a frozen-in FM phase at L even though it is unstable. This explains the field-cooled ρ vs T and M vs T (Ref. 22 ) data at fields of 20 and 30 kOe. We now follow path 2 and lower the field sequentially to points C and B. At point C we see two-phase coexistence and at point B the sample is fully AFM. This explains our M-H data and our ρ-H data at higher T. We now follow path 2 and lower the field to points E and F.
At point E the FM phase is frozen-in throughout, while at F some regions of the sample are no longer kinetically arrested and transform to the AFM phase. This corresponds to our 1.6x10 -6
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